Paris, France, 3, 4 have been studied, other hot weather events have passed largely unreported. 5, 6 In this article, we show that rapid assessment of impacts and risk factors can be facilitated by methods that use easily accessed administrative health data to compare groups of decedents. Case-only analyses were originally used to study gene---environment interactions 7,8 but have recently been applied to assess the effects of weather and air pollution on mortality. 9 Case-only analyses have been used to examine sensitivity to extreme temperatures across multiple cities over lengthy study periods 10, 11 but have not been applied to specific hot weather events in defined geographic regions. Benefits of the case-only design include simplification of data analysis and reduction in model complexity. 9 During summer 2009, Vancouver, British Columbia, and its surrounding suburban and semirural areas (i.e., greater Vancouver) experienced an atypically hot weather event. The maximum (and minimum) temperatures at Vancouver International Airport were 30.9°C (19.6°C) on July 28, 34.0°C (20.2°C) on July 29, and 34.4°C (22.4°C) on July 30, all under clear skies with an average relative humidity of 57%. By comparison, the 10-year (1999---2008) average of maximum (and minimum) daily temperature for July 28 to 30 was 21.9°C (14.1°C), with an average relative humidity of 68%. Within days of the onset of the hot weather event, British Columbia's rapid mortality surveillance system indicated that deaths among residents of greater Vancouver had increased by around 40% for the period through August 2. The objective of this case-only analysis was to examine whether patterns of mortality in greater Vancouver shifted during this hot weather event by comparing characteristics of the individuals who died during the hottest calendar week with those of the individuals who died during 3 comparison periods. The daily mean, maximum, and minimum temperatures measured at Vancouver International Airport were downloaded for the same period from the Environment Canada archives. The hottest calendar week of summer 2009 (referred to hereinafter as the hot weather event) was identified as July 27 through August 2 by calculating 7-day running averages of the maximum temperature measurements. Averages of the mean and minimum temperatures likewise identified the same week. We selected a 1-week period to avoid biasing the results with the day-of-theweek effect. 12 Three comparison periods were chosen: (1) We assessed patterns of mortality during the hot weather event using logistic regression, as described in the literature on case-only analyses. 9, 11 In brief, the characteristic of interest was set as the response variable and the hot weather event was treated as a predictive covariate, with a value of 1 for death during the event and 0 for death during the comparison period (Equation 1). The characteristics we considered were 1. age category (< 65, 65---74, and 75---84 years compared with ‡85 years), 2. sex (male compared with female), 3. death at home (compared with death at another location), 4. AHA with a population density of more than 1000 people per square kilometer (compared with £ 1000 people/km 2 ), 5. AHA with more than 40% of people older than 65 years living alone (compared with AHA with £ 40%), and 6. AHA with more than 20% of residents below the low-income cutoff (compared with AHA with £ 20%).
METHODS
The cutpoints for characteristics 4, 5, and 6 were chosen at natural breaks in the spatial distributions. 13 We adjusted regression coefficients for age and sex when appropriate. All statistical analyses were done in R (R Foundation for Statistical Computing, Vienna, Austria).
ð1Þ log probability of having the characteristic probability of not having the characteristic
To further investigate changes in spatial patterns of mortality, we mapped by AHA the difference in mortality rates between the hot weather event and the 8 weeks before the hot weather event.
RESULTS
There were 398 nonaccidental deaths during the hot weather event (July 27---August 2, 2009), compared with an average of 290 (641.9) deaths for all summer weeks in 2001 though 2009 (Figure 1) . Causes of death are reported in Table 1 . Although numbers were small, the proportion of deaths with heat-specific International Classification of Diseases, 10th Revision, codes as the primary cause was higher during the hot weather event than during the comparison periods (Fisher exact P < .05). The proportion of deaths resulting from respiratory causes was also higher during the hot weather event than during the 2009 and the 2001 through 2008 comparison periods (Fisher exact P = .36 and .09, respectively).
Regression results are reported in Differences in mortality rates during the hot weather event compared with the previous summer weeks varied considerably across AHAs (Figure 2 ). When we used a case-only analysis to compare the 11 administrative Note. ppb = parts per billion; PM 2.5 = particulate matter < 2.5 l in aerodynamic diameter. areas with a population density of more than 1000 people per square kilometer with the 10 less densely populated areas, the resulting OR was 1.26 (95% CI = 1.02, 1.58) for the 2009 comparison period. We found smaller differences when administrative areas were dichotomized on the basis of the population percentage below Canada's low-income cutoff, or the percentage of persons aged 65 years or older living alone (Table 2) .
DISCUSSION
Although conditions during the 2009 hot weather event were unusual for greater Vancouver, temperatures were far lower than the thresholds at which mortality has been shown to increase in southern cities or in those with more continental climates. 15 In fact, the odds ratio increased for every year that was removed from the comparison (not shown). Case-only analyses showed an increase in deaths at home during the hot weather event, possibly reflecting the rapid demise associated with exposure to extreme heat. 22, 23 A similar increase occurred during the 2003 Paris heat wave, for which risk factors for at-home death included living alone, chronic diseases, lack of mobility, sleeping on the top floor, limited thermal insulation, and higher temperatures around the decedent's residence. Using residential cooling was found to be protective. 24, 25 These factors may partially explain our observation that those living in more densely populated and less advantaged AHAs were more likely to die during the greater Vancouver hot weather event. Excess mortality in cities compared with rural areas affected by regional heat events has been reported elsewhere, 26 as has a mortality shift toward a densely populated urban core 27 or to peripheral areas of social and economic disadvantage. 23 Advanced age has been identified as a major risk factor for mortality during hot weather events. 21 However, we found that mortality risk was higher for the 65 to 74 years age group compared with the 85 years and older age group. During the 1995 Chicago heat wave, the highest relative risk of death was found for people aged 55 to 64 years and those aged 85 years and older. 2 Relative mortality was highest among people aged 85 years and older in the 2003 French heat event. 3 We have no comparative demographic or case-specific measures to suggest why people aged 65 to 74 years were relatively more affected than older cohorts in Vancouver. Case-only methods allow public health questions to be addressed with speed and ease but are limited by the restriction that all study participants experienced the same outcome (death, in this case), with their selection into the case or comparison group being made by some other characteristic (time period of death, in this case). As such, the results presented here cannot provide conclusive evidence about risk factors for death itself, only about risk factors for death during the hot weather period as opposed to death during other periods. Alternate, more intensive studies using case-control or cohort designs would be needed to assess individual risk factors for increased mortality during hot weather events.
Because climate, weather, urban structure, and demography differ between cities and because cities change over time, the assessment of recent heat episodes in specific locales informs public health agencies about how best to prepare for future events. The results of the current work have been valuable in allocating resources and targeting public health messaging to vulnerable groups for future hot weather events in greater Vancouver. j 
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